study question: In women with deeply infiltrating endometriosis (DIE) what is the prevalence of involvement of endometriotic tissue and fibrosis in ureteral endometriosis (UE), as assessed by histological staining?
Introduction
Ureteral endometriosis (UE) may be defined as any situation where endometriosis or surrounding associated fibrosis causes compression or distortion of the normal ureteral anatomy, even when hydroureteronephrosis is not yet present (Donnez et al., 2002; Bosev et al., 2009) . UE is relatively rare (Mereu et al., 2010) , but it is now increasingly recognized. The incidence is estimated to range from 10 to 14% in women affected by deeply infiltrating endometriosis (DIE) (Donnez et al., 2007; Seracchioli et al. 2010; Setälä et al., 2011; Muñoz et al., 2012) .
The disease most commonly affects the distal segment of the ureter, 3-4 cm above the vesico-ureteral junction (Pérez-Utrilla Pérez et al., 2009; Mahutte and Arici, 2003; Mounsey et al., 2006) . Bilateral involvement is present in approximately only 10-20% of cases. UE is therefore most often unilateral, with a left predisposition in most patients (Schlaff et al., 2006; McCormack, 2010; Harada et al., 2011; Takagi et al., 2011; Vercellini et al., 2011) . The involvement is often associated with ipsilateral endometrioma (Takagi et al., 2011) or with a recto-vaginal endometriotic nodule larger than 3 cm (Donnez et al., 2002) . In rare cases, ureteral involvement is found as an isolated form (Seracchioli et al., 2010) .
Symptoms of UE are often non-specific, and may include dysmenorrhea, deep dyspareunia and flank pain. Up to 50% of patients are asymptomatic (Langebrekke and Qvigstad, 2011) . Therefore, the lack of an ideal imaging modality often causes a diagnostic delay with, potentially, very serious consequences, such as silent loss of renal function (Gustilo-Ashby and Paraiso, 2006) .
There are two different surgical approaches to treat UE: conservative surgery (ureteral freeing or nodule removal) and radical procedures (segmental ureterectomy or ureteronephrectomy) (Seracchioli et al., 2010) .
In the current literature, histological evaluation of ureteral endometriosis is mainly based on the degree of wall infiltration by endometriosis, instead of the tissue composition. UE is classically divided in two groups according to the depth of ureteral wall infiltration by endometriosis: extrinsic UE, the most common type (80%), involving adventitia; and intrinsic UE, affecting tissue from the muscularis to the mucosal layers (Yohannes, 2003) as shown in Fig. 1 . However, the ureter can also be surrounded by a fibrotic stenotic ring, instead of endometrial tissue (Donnez et al., 2002) .
The primary aim of this study was to evaluate in women affected by UE the histological pattern of ureteral involvement (endometriotic UE or fibrotic UE) and describe their prevalence. The secondary aim was to analyze whether the two different histological patterns are associated with pre-operative and surgical data.
Materials and Methods

Design and patients
This was a retrospective observational study, based on data records for a continuous series of patients affected by DIE, who were treated laparoscopically for UE at the Minimally Invasive Gynecological Surgery Unit of the S.Orsola-Malpighi Hospital, University of Bologna, between January 2010 and March 2013.
Patients submitted to a ureteral nodule excision or ureterectomy in which a histological examination of ureteral specimens had been carried out were included in the study. Exclusion criteria were: other identified causes of hydroureteronephrosis (i.e. nephrolithiasis, urological cancer); medical therapy for a period of at least 3 months before surgery and previous surgery for DIE.
In our Center, all patients with clinical and sonographic features of DIE at gynecological examination and transvaginal ultrasound underwent additional abdominal ultrasound and urinary tract-computerized tomography (uro-CT) scan (Biscaldi et al., 2011) .
The insertion of a double-J stent was performed when there was a high suggestion of ureteral stenosis, as in the case of a large deep posterior nodule spreading to the cardinal ligaments or in the case of evidence of hydroureteronephrosis at pre-operative imaging (Mereu et al., 2010) .
Surgical technique
The surgical procedures were all performed by an experienced surgeon [R.S.], using a procedure described in previous studies (Seracchioli et al., 2008 (Seracchioli et al., , 2010 .
Diagnosis of ureteral involvement required retroperitoneal isolation and examination of the diameter, course and consistency of both ureters in the pelvis.
Where the ureter was judged to be pathologically involved by endometriosis, in relation to the degree of ureteric involvement, the following surgical procedures were performed: (i) ureteral freeing, when the ureter was simply freed from the enclosing periureteral adhesions responsible for ureteral distortion; (ii) in case of a ureteral nodule, a partial thickness resection of the adventitia/muscolaris was performed and, if necessary, the muscularis was repaired with 4/0 Vicryl sutures; (iii) only if conservative surgery fails to restore the caliber and course of the ureter, a terminal ureterectomy with end-to-end anastomosis or ureteroneocystostomy (depending on the location of the endometriotic implants and length of the remaining ureter) or, in cases of complete functional loss, a ureteronephrectomy was performed (Seracchioli et al., 2010) . Data regarding pre-operative characteristics (age, BMI, parity, symptoms, hydroureteronephrosis at uro-CT scan) and surgical findings (surgical procedure performed to treat UE, presence and location of any other endometriotic lesions, post-operative ureteral fistula or stenosis) were collected.
Histological evaluation
Ninety-seven patients affected by UE treated with a ureteral freeing only were excluded from the study as shown in Table I , due to the lack of a histological examination. Histological evaluation was carried out for all the surgical specimens according to a standardized procedure. After formalin fixation and paraffin embedding, each sample was divided into slices of 5 mm in thickness, and from each of these six 4-mm thick sections were obtained. Between 15 and 40 slices were analyzed from each lesion. These sections were stained with hematoxylin and eosin (H&E) and evaluated for evidence of endometriosis by a pathologist skilled in gynecologic pathologies [G.C.] . Criteria for H&E diagnosis required the identification of endometrial glands and/or stroma ( Fig. 1) . The presence of any endometriotic focus, irrespectively from its dimension, was considered as endometriotic UE even in a nodule showing extensive fibrosis. Data regarding the extension of the endometriotic foci inside the nodules are not available. The cases defined as fibrotic UE by H&E underwent a further immunohistochemical evaluation through CD10 immunostaining. CD10 is a very sensitive and diagnostically useful immunohistochemical marker of normal endometrial stroma: positive staining for CD10 was interpreted as positive endometrial stroma and was considered to be consistent with stromal endometriosis (Groisman and Meir, 2003) (Fig. 2 ). For immunohistochemistry, the Ventana anti-CD10 Rabbit monoclonal primary antibody was used (clone SP67; dilution 1/50; Roche, West Sussex, UK). Immunohistochemical staining analyses were performed on a Ventana Bench Mark XT automated stainer. Between 15 and 40 slices from each lesion were stained with CD10 immunohistochemistry. In addition, an endometrial biopsy was performed for each patient in order to use stroma as a positive control tissue and glands as a negative control tissue for CD10 immunostaining. According to the histological pattern of surgical specimens of UE, the study population was divided in two different groups: the endometriotic UE group included cases where endometrial glands and/or stroma cells were seen within the wall of the ureter or within periureteral tissue upon microscopic examination, and the fibrotic UE group included all the other cases where only fibrosis tissue was reported (Mereu et al., 2010; Maccagnano et al., 2013) .
The two groups were compared regarding the following data: † presence of hydroureteronephrosis at pre-operative uro-CT scan; † type of surgical procedure performed to treat UE (nodule removal or ureterectomy); † association with other locations of the disease; † occurrence of post-operative complications (ureteral fistula or stenosis).
Each patient had previously provided written informed consent for the potential use of her data in future clinical retrospective studies. Being a retrospective observational study, only local ethical committee notification was required.
Statistical analysis
Continuous data were expressed in terms of mean + SD or median (range). Categorical variables were expressed as percentages. The t-test was used to compare continuous parametric variables. Correlations for categorical variables were made using the Pearson Chi square test.
A P-value of ,0.05 was considered significant for all tests. Statistical analysis was carried out using the Statistical Package for the Social Sciences (SPSS) software version 19.0 (IBM Corp., Armonk, NY, USA).
Results
Over the study period, 184 clinical records of women affected by DIE laparoscopically treated for UE were collected (Table I) . Among these, 107 (58%) were excluded from the study because they did not meet the inclusion criteria previously reported. Pre-operative and surgical characteristics of the remaining 77 patients are summarized in Tables II and  III, respectively. All included patients were stage IV according to the revised American Fertility Society classification (American Fertility Society, 1985) .
Seven out of the 77 patients (9%) included in the study presented bilateral ureteral involvement giving a total of 84 cases of UE.
In 70 cases of UE (83%) nodule excision was performed, while in the remaining 14 cases (17%) a ureteral resection was required.
According to the staining with H&E the study population was divided into two groups, depending on the histological findings: 64/84 (76%) specimens showed endometriotic tissue (endometriotic UE), while 20/84 (24%) showed fibrotic tissue only (fibrotic UE). Among the 20 fibrotic UE submitted to immunohistochemical staining with CD10, one case was CD10 positive, as shown in Fig. 2 . Therefore the endometriotic UE group included 65 patients (65/84, 77%) and the fibrotic UE group included 19 patients (19/84, 23%).
Pre-operative and surgical data were compared between the two groups. These results are summarized in Table IV .
Fifty-two out of 84 ureters involved by DIE (62%) showed hydroureteronephrosis at pre-operative uro-CT scan, which was intraoperatively confirmed in all cases. We demonstrated a significant association between the presence of hydroureteronephrosis and the endometriotic pattern of UE [endometriotic UE 44/65 (68%) versus fibrotic UE 8/19 (42%); P-value ¼ 0.04]. 
Two histological patterns of ureteral endometriosis
No difference was found between the two histological patterns with regard to the surgical procedure required to treat UE: the percentage of ureteral resections was similar in the two groups [endometriotic group 11/65 (17%) versus fibrotic group 3/19 (16%); P-value ¼ 0.9].
Except in one case of isolated UE, ureteral involvement was always associated with endometriosis in other locations in the pelvis. The most frequent concomitant affected sites were the recto-vaginal septum (47/77, 61%), the parametrium (45/77, 58%) and the ovaries (40/77, 52%). A significant association between the fibrotic pattern of UE and the concomitant recto-vaginal endometriosis was observed [endometriotic group: 29/65 (45%) versus fibrotic group 18/19 (95%); P-value , 0.001].
During the follow-up period [median (range): 25 (14 -36) months] three ureteral complications (4%) were observed, but no recurrence of UE was reported. The occurrence of post-operative complications was similar between the two study groups [endometriotic UE 2/65 (3%) versus fibrotic UE 1/19 (5%); P-value: 0.6].
Discussion
In our study, the majority of cases (65/84, 77%) of UE showed endometrial glands and/or stroma at histological evaluation; in the remaining 23% the ureteral specimens showed fibrotic tissue only. There are only a small number of studies regarding histological findings in UE. These studies are contradictory in their reporting of histological data in terms of tissue composition of UE. Donnez et al. demonstrated the presence of endometriotic glands in all 18 cases of ureteral nodule excision they reported (Donnez et al., 2002) . Mereu et al. observed, upon histological evaluation, 11 cases of endometriotic pattern out of 21 specimens of ureteral resections (52.4%) (Mereu et al., 2010) . Other authors assumed a prevalent involvement of the ureter by fibrotic tissue secondary to inflammation from endometriosis, but their assertions were not supported by numerical data (Frenna et al., 2007; Ghezzi et al., 2007; Kondo et al., 2013) . There is no universal consensus about histological criteria to diagnose endometriosis. Some pathologists may diagnose endometriosis in specimens showing both endometrial glands and stroma, whereas others may require for diagnosis only hemosiderin laden macrophages, endometrial glands or endometrial stroma (Abrao et al., 2003; PotlogNahari et al., 2004) . In this study we performed an immunohistochemical evaluation through CD10 immunostaining, a specific and sensitive marker for stromal endometriotic cells, in the 20 cases described as fibrotic UE by H&E staining, detecting a case of endometrial UE misdiagnosed by H&E staining. This strengthens the hypothesis suggested by previous studies (Groisman and Meir, 2003; Potlog-Nahari et al., 2004 ) that CD10 immunostaining is helpful in detecting occult or inconspicuous ectopic endometrial stromal cells.
The prevalence of an endometriotic pattern of UE in our specimens allows us to hypothesize that the ureter not only represents a site that is involved with the surrounding fibrotic process, but also is primarily a 'target site' for endometriotic cell implantation or spread. This observation could, in certain cases, support the adoption of hormonal therapy, primarily a progestagen-only-therapy or an estroprogestin compound, in association with the surgical approach, for the treatment of ureteral endometriosis. It is noteworthy that a recent immunohistochemical study on seven cases of UE found that endometriotic stromal cells within the ureteral wall can express estrogen as well as progestagen receptors (Al-Khawaja et al., 2008) . We found a statistical association between the endometriotic pattern of UE and the presence of hydroureteronephrosis at pre-operative uro-CT scan (P ¼ 0.04). Accordingly, Donnez et al. described that all of the patients with recto-vaginal endometriosis and hydroureteronephrosis at intravenous pyelography demonstrated stroma and glandular epithelium upon histological evaluation (Donnez et al., 2002) . On the contrary many authors concluded, without providing related data, that ureteral stenosis more often results from a secondary fibrosis than from the endometriosis itself (Vercellini et al., 2000; Frenna et al., 2007) .
The data presented in this paper show that the fibrotic pattern of UE is significantly associated with the presence of concomitant recto-vaginal endometriosis. This correlation might mean that the ureteral fibrotic involvement is mainly due to the spreading of the inflammatory process outwards from a posterior deep endometriotic nodule (Nisolle and Donnez, 1997; Signorile and Baldi, 2010 Two histological patterns of ureteral endometriosis
We observed that in our study group hydroureteronephrosis was absent in 38% of women affected by UE, particularly in the 58% affected by fibrotic UE. Therefore, it is strongly recommended that the caliber, consistency and course of the ureters should be evaluated during surgery for DIE even in women without pre-operative evidence of hydroureteronephrosis, especially in women with a recto-vaginal septum localization of the disease.
During the study period, a relatively small number of ureteral resections (14/84, 17%) was performed. It is commonly accepted that a conservative surgical technique for UE (ureteral freeing or nodule removal) is usually safe and effective (Chapron et al., 2010; Seracchioli et al., 2010; Maccagnano et al., 2013) . Indeed, segmental ureterectomy represents the treatment of choice only if conservative surgery fails to restore the caliber and course of the ureter, because this aggressive approach carries a higher risk of ureteral fistula and subsequent uroperitoneum (Seracchioli et al., 2008; Mereu et al., 2010; Nezhat et al., 2012) . In our study there was no significant difference between the fibrotic and endometriotic pattern of UE in terms of percentage of ureteral resections required. In both cases, UE seems to behave as a superficial disease, usually involving only the external layers of the ureteral wall (Mereu et al., 2010) .
Our incidence rate of post-operative complications is in agreement with those reported in the literature (Rafique and Arif, 2002; Yohannes, 2003) . We found no statistically significant difference between the endometriotic and fibrotic UE group concerning post-operative ureteral stenosis or fistula. This is probably due to the small number of complications overall, and the similar rate of ureteral resection between the two study groups.
To the best of our knowledge, this is the first study evaluating the histological pattern with CD10 immunostaining of ureteral endometriosis and its association with clinical and surgical data. Potential sources of bias have been avoided by excluding women with previous surgery for DIE and patients under hormonal therapy in the 3 months before surgery. Although the results cannot be generalized to the general population due to its retrospective and monocentric design, we believe that it may represent an interesting working hypothesis for further prospective and multicentric investigations.
Conclusions
In women with DIE, ureteral involvement is more often due to endometriotic tissue rather than fibrosis. From our large series, endometriotic UE is significantly associated with the presence of hydroureteronephrosis, while we observed a statistical association between fibrotic UE and the presence of endometriosis in the recto-vaginal septum.
As well as the distinction in extrinsic and intrinsic UE based on the degree of wall infiltration by endometriosis, a new classification according to the histological pattern of UE may be useful both in diagnostic and therapeutic fields.
